An adoption/twin design was used to address issues concerning the relationship between education and Mini-Mental State Examination (MMSE) performance. Data on general cognitive abilities, education, and MMSE from 110 identical twin pairs and 177 fraternal pairs aged SO through 88 were analyzed using multivariate quantitative genetic methods. Genetic influences account for 32% and 19% of the variation in MMSE for men and women, respectively. Furthermore, all of the genetic variation in MMSE is in common with genetic variation for cognitive abilities and education. Finally, correlations between education and MMSE (.21 and .16 for men and women, respectively), which were reduced to near zero when cognitive abilities were partialed out, are primarily attributable to genetic effects for cognitive abilities. These results support the hypothesis that the association between education and MMSE performance predominantly reflects genetically mediated cerebral capacity rather than test bias or health-endangering life styles in less educated individuals.
A NUMBER of different instruments are used for assess-• * * ing the cognitive level of elderly adults, many of which are designed to screen for indications of pathologic decline such as dementia. For example, scores on the Mini-Mental State Examination (MMSE; Folstein, Folstein, & McHugh, 1975) are often used as a screening device, with scores at 23 or below, out of a possible 30 points, considered indicative of impaired functioning (Anthony, LeResche, Niaz, Von Korff, & Folstein, 1982) . While this measure has considerable sensitivity, it has relatively low specificity as a screening device for dementia (Anthony et al., 1982) .
Related to the issue of specificity of screening devices is the role of mediators of performance, such as education. There is a well documented association between MMSE levels and educational attainment (e.g., Crum, Anthony, Bassett, & Folstein, 1993; Fratiglioni et al., 1993; Magaziner, Bassett, & Hebel, 1987; Salmon et. al., 1989) . Individuals with a higher level of education perform better than those with a lower level of education. This association has implications for the interpretation of MMSE levels. If misclassification results from the relationship of MMSE and education, then screening tests should have different cutoffs for different levels of education (recommended by Crum et al., 1993; Fillenbaum, Heyman, Williams, Prosnitz, & Burchett, 1990; Uhlmann & Larson, 1991) . On any one occasion of measurement, poorly educated individuals may be expected to perform less well than educated individuals and would constitute false positives if classified as demented. On the other hand, small changes across occasions in individuals with a high educational level, even if both scores are above the cutoff, may be clinically significant (Moritz & Petitti, 1993; Moss & Albert, 1988) .
Education has also been examined in prevalence studies of dementia. The preponderance of epidemiological studies examining education have found low educational attainment to be a risk factor for low MMSE scores, dementia in general, and Alzheimer's disease in particular (see reviews by Friedland, 1993; Mortimer & Graves, 1993) . Among the interpretations that have been suggested are the following: (a) Low education could be a proxy for a variety of putative risk factors over the life span, such as poorer nutrition early in life, greater use of alcohol, or occupations with greater exposure to neurotoxins, all of which in turn could lead to impaired cognition, (b) Higher education may reflect greater cerebral capacity and hence greater neuronal reserve. If the baseline is higher, longitudinal decline would be delayed, (c) The process of becoming educated and seeking intellectually demanding activities may lead to increased cerebral capacity through, for example, increased neuronal activation. This latter explanation has its experimental roots in animal research (e.g., Swaab, 1991) . In any instance, the implication would be that the association between education and MMSE performance reflects more than test bias.
These various explanations for the association between MMSE scores and education imply alternative expectations concerning genetic and environmental mediation of the relationship between MMSE performance and education. On the one hand, environmental effects may mediate the relationship, as would be implied by an explanation relying on the association of low education with detrimental life styles. On the other hand, genetic effects may mediate the relationship, as would be implicit to the suggestion that higher education reflects greater cerebral capacity. In this latter instance, the involvement of a genetically mediated characteristic (such as IQ) might influence the ability not only to obtain a certain level of education but also to maintain cognitive functioning later in life. These alternatives can be tested in genetically informative populations.
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The importance of genetic and environmental factors for variation and covariation in cognitive performance and educational attainment can be evaluated by use of quantitative genetic models. Previously, researchers have examined genetic and environmental sources of individual differences in educational attainment, cognitive abilities in adults, and MMSE scores. Swan et al. (1990) report that 38% of the variation in MMSE scores from male twin pairs (mean age 63 years) can be attributed to genetic variation. Heritability (the percentage of total variation due to genetic differences) for general cognitive ability is somewhat higher. In a Norwegian study of twins reared together, heritability for cognitive ability was .80 (Tambs, Sundet, & Magnus, 1984) . Similarly, the Minnesota Study of Twins Reared Apart (Bouchard, Lykken, McGue, Segal, & Tellegen, 1990 ) and the Swedish Adoption/Twin Study of Aging (SATSA; Pedersen, Plomin, Nesselroade, & McClearn, 1992) report heritabilities of .75 and .81, respectively. Heritability for measures of memory tend to be somewhat lower than for measures of other cognitive abilities, and MMSE is most similar to measures of memory. For example, Pedersen et al. (1992) reported heritability for several memory measures ranging from .32 to .44. Although education is typically considered to be an environmental measure (e.g., in Swan et al., 1990) , the role of genetic variation for individual differences in educational attainment has also been examined (Lichtenstein, Pedersen, & McClearn, 1992; Tambs, Sundet, Magnus, & Berg, 1988; Teasdale & Owen, 1984) . For example, in the Swedish study heritability estimates range from .12 in older women to .35 in younger men (Lichtenstein etal., 1992) .
Bivariate and multivariate studies provide greater insight into mechanisms for explaining these univariate findings about sources of individual differences. In both the Swedish and Norwegian studies, a portion of the genetic variance for educational attainment was attributable to genetic effects for general cognitive ability, suggesting that genetic effects for education are mediated through intelligence (Lichtenstein & Pedersen, 1995; Tambs et al., 1988) . In another previous study, Carmelli, Swan, and Cardon (1995) fitted a model using twin scores on education and on two cognitive screening instruments, the MMSE and the Iowa Screening Battery. They found that a common latent genetic factor explained the association between education and cognitive screening.
In sum, genetic effects have been shown to be important for general cognitive ability, for MMSE performance, for educational attainment, for the relationship between education and general cognitive ability, and for the relationship between education and MMSE. However, the mechanism by which education is related to MMSE performance remains incompletely understood. A multivariate model including MMSE, general cognitive ability, and education, which has not heretofore been evaluated, could contribute to clarifying the relationship. In particular, including a measure of general cognitive ability permits testing whether relationships between MMSE and education and between general cognitive ability and education are similarly mediated. This point is essential to evaluating the notion of a genetically mediated cognitive reserve.
Information concerning general cognitive ability, educational attainment, and MMSE performance is available in the Swedish Adoption/Twin Study of Aging (SATSA) dataset. We applied multivariate quantitative genetic models to those data to address the following questions:
(1) How important are genetic and environmental effects for individual differences in MMSE performance? (2) To what extent are genetic effects for MMSE performance shared or independent of genetic effects for general cognitive ability and educational attainment? (3) To what extent is the relationship between educational attainment and MMSE performance mediated by genetic and environmental factors?
METHODS
Sample
The SATSA sample consists of a subset of same-sex twins from the population-based Swedish Twin Registry (Cederlof & Lorich, 1978) . The base population comprises all pairs of twins who indicated that they had been separated before the age of 11 and reared apart (TRA), and a sample of twins reared together (TRT) matched on the basis of gender, date and county of birth (Pedersen, Friberg, Floderus-Myrhed, McClearn, & Plomin, 1984) . When the study was initiated in 1984, both members of 591 TRA and 627 TRT pairs were alive. The first occasion of data collection in SATSA began in October 1984, with a two-part mail-out questionnaire (Ql). A subset of the TRA and TRT pairs in which both members responded to Ql was invited to participate in an inperson examination that included health evaluation and administration of cognitive tests. Both members of 290 pairs 50 years of age or older participated in this in-person testing phase. Average age at time of testing was 66.3 years (SD = 7.6, n = 580) with a range of 50 to 88, and 60% of the twins were female.
The subset of pairs in which at least one twin had information on MMSE included 44 pairs of monozygotic twins reared apart (MZA), 66 pairs of monozygotic twins reared together (MZT), 91 dizygotic pairs reared apart (DZA), and 86 dizygotic pairs reared together (DZT). Zygosity diagnoses were first made on the basis of physical similarity and confirmed on the basis of serological assay or DNA fingerprinting. Details of the procedures, sample, and design of SATSA are described by Pedersen et al. (1991) .
Procedures and Measures
In-person data collection was performed by registered nurses trained to administer the measures in standardized fashion. The twins were tested at a location close to their home, for instance, the district nurse's office.
For the present analyses, following the Dureman-Salde battery, general cognitive ability was defined as the sum of standardized scores on four tests: Synonyms, Figure Logic , Block Design, and Figure Identification (Dureman, Kebbon, & Osterberg, 1971) . The Dureman-Salde battery is based on Thurstone's primary mental abilities, and these four tests are taken as indicative of general intelligence. The summed score was then transformed to have a mean of 100 and standard deviation of 15.
The in-person measures also included the MMSE (Folstein et al., 1975) . This is a short examination covering orientation, language, memory, and visuomotor performance. In the present study, the scoring used an elaboration of the three-item recall task, in which individuals who were unable to recall three items were given a recognition test for the missed items. This elaboration of the three-item recall question was incorporated in the administration of the MMSE component of the Alzheimer's Disease Research Center battery when the center was initiated (S.H. Zarit, personal communication, November 9, 1992) . Each correctly recognized item was assigned 0.5 points. Consequently, a score of =£24.5 was used as the cutoff, roughly equivalent to the conventional 23. Subjects whose MMSE scores were indicative of cognitive impairment were referred for a full dementia workup. Screening and evaluating the SATSA sample for dementia were carried out under the Study of Dementia in Swedish Twins (M. Gatz and N. Pedersen, NIA grant R01 AG-08724). Eight subjects were diagnosed as having dementia of the Alzheimer type, vascular dementia, or dementia of unspecified type. They were retained in the sample. However, their general cognitive ability scores were set to missing because the onset of their impairment could be assumed to predate the cognitive testing. None of these individuals were "outliers" for either MMSE or education. Self-reported information on level of educational attainment was collected from the first questionnaire and coded into 4 categories: (1) elementary school; (2) secondary school or vocational school; (3) junior college; and (4) university.
Analyses
A multivariate model fitting approach was used to examine genetic and environmental influences on the variation and covariation for General Cognitive Abilities, Education, and MMSE. Within phenotype, if genetic influences contribute significantly to individual differences, then monozygotic (MZ) twins should be more similar than dizygotic (DZ) twins for the trait since MZ twins share 100% of their genes while DZ twins share 50% of their genes, on average. In order to look for shared rearing effects, one examines the difference in correlations among the twins reared apart (TRA) and twins reared together (TRT). To the extent shared rearing effects account for phenotypic variation, then the TRT correlations will be greater than those for TRA. Correlated environmental effects refer to environments that are similar for twins regardless of zygosity or rearing status, e.g., cultural similarity or contact as adults. Unique or nonshared environmental effects do not contribute to twin similarity, but to within-person variation. Further description of the twin methodology can be found in standard behavioral genetic (Plomin, DeFries, & McClearn, 1990) or quantitative genetic textbooks (Falconer, 1989) .
In the multivariate approach, the cross-twin correlations between measures (for example Education and MMSE) are examined. If these cross-correlations are higher for MZ than DZ twins, this would indicate common genetic etiologies for Education and MMSE. Environmental effects are also assessed by comparing the cross-correlations among TRA and TRT twins.
Observed phenotypic correlations can be broken down into the following: Rp = hr G h' + cr c c' + sr s s' + er E e'
(1) where h is a diagonal matrix containing the square roots of heritabilities for Cognitive Abilities, Education, and MMSE, respectively. The matrix r G contains correlations among the genetic effects for the three phenotypes. The magnitude of environmental effects are contained in the matrices c, s, and e, referring to correlated, shared, and unique (nonshared) environmental effects, respectively. The matrices r c , r s , and r E contain the correlations among the correlated, shared rearing, and nonshared environmental effects for the three phenotypes. It is important to note that while nonshared environmental effects do not contribute to twin similarity, by definition, these effects can contribute to the correlations among phenotypes within-person.
The research questions were addressed by trivariate analyses of MMSE with education and with cognitive ability in a factor model with Cholesky decomposition (see Figure A1 in the Appendix; Neale & Cardon, 1992) . In order to test the model, the structural equation program Mx (Neale, 1991) was used. To ensure that all available data were used, the variable length pedigree option using raw-maximum likelihood was undertaken. In order for a pair to be included in the analyses, at least one member had to have an MMSE score. Thus, although both members of 249 of the 287 pairs had information on all three measures, information from 558 individuals was included in the analyses. (Numbers of complete pairs by gender, rearing status, and zygosity are shown in Table 3 .) In the case of varying length records, a likelihood is calculated and summed over each type of missing pattern. The difference of twice the negative log-likelihoods is distributed asymptotically as a chi-square in large samples. While absolute fit of a model cannot be tested, hierarchical tests of submodels can be made.
All measures were corrected for linear effects of age using the method described by McGue and Bouchard (1984) . Because of the considerable sex differences in relative proportions of genetic and environmental variance in education in this sample (Lichtenstein et al., 1992) , all analyses were performed separately for men and women. The presence of significant differences in heritabilities for education will result in significant sex differences in the multivariate model.
RESULTS
Descriptive Statistics
The distributions of the variables are summarized in Table  1 . Because the sample is composed of genetically related individuals, the observations cannot be considered independent. Descriptive statistics and phenotypic correlations were computed separately for the sample randomly divided into two independent samples ("Twin A" and "Twin B"). There were no significant differences in the results of these two subsamples, and hence results from the combined sample are tabulated. Both educational attainment and MMSE scores are markedly skewed. In this sample, 66.7% did not extend their education beyond elementary schooling, reflecting the historical situation in which they were born and raised; 59.3% scored above 28 on the MMSE, as would be expected in a nonimpaired sample. Neither square root nor logged transformation altered the results markedly. Further, a normalization procedure in which z-scores are assigned to ranks and then standardized was also implemented. Although resultant distributions were markedly more normal, neither correlations nor parameter estimates differed from nontransformed results. Therefore, the results presented here are based on scores that were not transformed.
The phenotypic correlations residualized for age are reported in Table 2 . General cognitive abilities are more highly correlated with education and MMSE than the latter two are with each other. When general cognitive abilities are partialed out of the associations between education and MMSE, the resulting correlations (reported in parentheses) are substantially lower than the raw correlations.
Intraclass correlations provide a means of determining which parameters are likely to be of importance for individual differences in the measures. These are shown in Table 3 . Intraclass correlations for MZ twins are greater than DZ twins for cognitive abilities in both sexes and for MMSE in men, suggesting the influence of genetic effects. Twins reared together are more similar on average than twins reared apart for Education in both sexes, suggesting the involvement of shared rearing effects. Finally, because MZ correlations are on average less than twice the DZ correlations for MMSE in the females and for education in both sexes, correlated environmental effects are indicated. Furthermore, greater DZ than MZ correlations for MMSE in the females are incompatible with a genetic hypothesis.
Model-fitting Results
When the full model shown in the Appendix -with three factors for each of the genetic and environmental parameters -was run, there were a number of parameters estimated as zero or near zero. When the total influence of a genetic or environmental effect was zero or near zero for a measure, the relevant parameter estimates were subsequently dropped to arrive at a reduced model. This happened for shared rearing effects for cognitive abilities and MMSE in both genders and correlated environmental effects for the same measures for men. The resultant change in chi-square was .65 (df = 10) for the men and 1.37 (df = 5) for the women, Note. MZA = monozygotic twins reared apart; MZT = monozygotic twins reared together; DZA = dizygotic twins reared apart; DZT = dizygotic twins reared together.
"Residualized for the effects of age and based on pairs for whom complete information was available.
indicating that there was no worsening of fit due to this procedure. Subsequently, a series of reduced models was run in order to evaluate a number of hypotheses concerning the importance of genetic and environmental factors for MMSE (Table 4) . Models constraining estimates to be equal in men and women were significantly different (chi-square = 56.19, 24 df, p < .05). Consequently, all results are presented separately by gender. Parameter estimates from the final model are reported in Table Al in the Appendix. The parameter estimates were squared, summed, and divided by the sum of squares to provide variance estimates resulting from each of the parameters for the three measures (Table 5 ). The models tested reflected the theoretical ordering of variables. Models reflecting the temporal collection of information, i.e., in which education preceded general cognitive abilities, were also fitted. None of the results concerning MMSE differed from those from the model in Figure A1 , due to the considerable importance of a single, general genetic factor (Gl).
The trivariate model provides information about variation and covariation in each of the measures. The first research question concerned components of total variation in each of the measures considered separately; in particular, the extent to which genetic and environmental factors are important for individual differences in MMSE performance. Models 3a-c in Table 4 test the importance of genetic effects for MMSE. As suggested by the intraclass correlations, genetic effects are important for MMSE performance in men but not women Note. The x 2 difference refers to comparison with Model 2 for all models except Model 2, which is compared to Model 1. Models with same number (e.g., 3a, 3b, and 3c) are nested within group number, and can be compared within group to models with larger numbers of estimates. Parameters fixed in Model 2 are fixed in all subsequent models. *p < .05. Table  4 ); heritability estimates shown in Table 5 indicate a value of .32 for men and . 19 for women. For both men and women, nonshared environmental influences account for approximately half of the total variation in MMSE (Table 5) . Although intraclass correlations for women indicated correlated environmental effects as sources of familial similarity for MMSE, these effects are not significant when genetic effects are estimated (Model 5b vs Model 2, Table 4 ). Models that drop both genetic and correlated environmental effects indicate that familial similarity for MMSE is significant, but it is not possible to distinguish genetic from correlated environmental variance (Models 6a and 6b, Table  4 ). Inability to find significant correlated environmental effects for the women reflects the relatively lower power of the twin method to find these effects.
Variance components for general cognitive abilities and education are consistent with those previously reported from by guest on November 8, 2016
http://psychsocgerontology.oxfordjournals.org/ Downloaded from the SATS A dataset (Lichtenstein et al., 1992; , that is, heritability for general ability is substantial, is more modest for education for men, and is absent for women, with evidence of shared environmental influences of importance for education. As before, shared environmental influences reflected both rearing and correlated environmental effects for men and women.
Once genetic and environmental sources of variation are established for the individual measures, the next research question of interest is whether variation in MMSE performance is independent of genetic and environmental effects for general cognitive abilities and education. Total variation for MMSE in men and women, partitioned into unique variance and variance in common with cognition and education, is depicted in Figure 1 . For men, approximately 70% of the variance is unique to MMSE, and for women, 80% of the variance is unique to MMSE. Furthermore, the variance that is unique (i.e., independent of general cognitive abilities and education) reflects predominantly nonshared environmental influences -those which contribute to differences, not similarities, among relatives. For women, the correlated environmental influences for MMSE are also independent of correlated environmental effects for education (Model 5a, Table 4 ). The variance in common with cognitive abilities and education is almost exclusively genetic variance for both sexes. Genetic covariation with cognitive abilities is significant (Model 3a vs 2, Table 4 ) but genetic covariation with education is not (Model 3b vs 3a, Table 4), except through the covariation in common with cognitive abilities (i.e., through Factor Gl in Figure Al) . Further, there is no unique genetic variance for MMSE (Model 3c vs Model 3b, Table  4 ). This result indicates that genetic effects for MMSE are not independent of genetic effects for education or cognitive abilities for either sex.
Most importantly, mediators of the phenotypic correlations among the measures may also be garnered from the model fitting results. Phenotypic correlations are decomposed into genetic and environmental components in Figure  2 . These components were derived by multiplying the relevant standardized parameter estimates in common between any pair of measures. The phenotypic correlations between MMSE performance and cognitive ability are primarily due to genetic covariation, whereas the correlations of MMSE with education reflect genetic covariation in men (exclusively through genetic covariation for cognitive abilities), and both genetic covariation and nonshared environmental influences in women.
DISCUSSION
In the present analyses the well discussed relationship between Mini-Mental State Examination scores and education was replicated (e.g., Anthony et al., 1982; Magaziner et al., 1987; Uhlmann& Larson, 1991) , and a twin sample was used to explore appropriate interpretation of the relationship. Following an analytic sequence from univariate to multivariate, the first concern was simply to quantify genetic and environmental variance in MMSE performance. In subsequent steps, variance in MMSE was partitioned into portions attributable to genetic and environmental variance in common with education and cognitive ability. Finally, the associations among MMSE scores, education, and general cognitive ability were decomposed into genetic and environmental components.
In this sample, heritability for MMSE was shown to be .32 for men and .19, but not significant, for women. These figures compare to a previously reported result of .38 in a sample of male twins (uncorrected for age) (Swan et al., 1990) and indicate that individual differences in performance on the MMSE are due in part to genetic differences. For women, unlike men, a substantial portion of familial similarity on MMSE was due to correlated environmental effects, which refer to similarity in environments in adult life. For both men and women, nonshared (individual specific) environmental influences account for slightly more than half of the variation.
We next explored whether the components of variation for esa Nonshared Env OGenetic MMSE were shared with or independent of comparable components of variation in education and general cognitive abilities. In prior work with a sample of male twins, Carmelli et al. (1995) found that nonshared environmental influences for screening measures such as the MMSE and Iowa Battery were independent of those for education, whereas genetic variance was in part in common with education. The present results expand upon those findings by the inclusion of an indicator of general cognitive ability. Similarly to Carmelli et al., our multivariate analyses confirmed that nonshared environmental effects are unique to MMSE, and are neither the same as those important for education nor the same as those for cognitive ability. Thus, experiences specific to the individual that do not necessarily reflect educational attainment or cognitive abilities are of major relevance for variance in MMSE performance later in life. An example might include one member of the family accumulating more environmental insults likely to be specifically detrimental to memory, possibly head trauma or occupational exposures. For women, the remaining unique variation in MMSE reflected correlated environmental components of variance. Thus, there is familial similarity for MMSE scores in women due to adult contact or cultural similarity, but the similarity is not explainable by environmental effects for education or cognitive abilities.
In relation to the central concern of the present study, 20-30% of the variation in MMSE is in common with education and cognitive abilities. Moreover, individual differences in MMSE performance that are in common with education and cognitive abilities are predominantly due to genetic influences in cognitive ability. In other words, the genetic component of the association between education and MMSE performance can be seen as representing genetic influences for cognitive abilities.
Further support for the mediating role of cognitive abilities was the finding that the relationship between education and MMSE performance was reduced to near zero when general cognitive ability was partialed out. This result tells us that general cognitive abilities are enormously important in explaining the association between MMSE and education, but it requires decomposing phenotypic correlations to indicate mechanisms for the associations.
Clear patterns emerge in the genetic and environmental components of the phenotypic correlations with MMSE performance as depicted in Figure 2 . The correlations between MMSE and cognitive ability in both sexes are primarily due to genetic covariation, whereas those between MMSE and education reflect genetic covariation for men, and both genetic and environmental influences for women. Without considering cognitive abilities, the latter observation would support hypotheses that the association between education and MMSE performance in women reflects both the environmental component (e.g., damaging life-style influences or neuronal stimulation) and the genetic component (e.g., cerebral capacity). However, the partial correlation reported above indicates that the correlation between education and MMSE can be explained by cognitive abilities. Furthermore, only a small portion of the variance in MMSE in common with education and cognitive abilities (3%) reflects environmental variation for women. The combined findings for men and women indicate that the major reason that education and MMSE are correlated is that both reflect heritable cognitive ability.
These results may have implications for hypothesized mechanisms by which low education is a risk factor for dementia, while high education appears to serve as a protective factor. Specifically, finding that the association between education and MMSE in large part is attributable to genetic effects for general cognitive ability is consistent with the idea that low education reflects lesser cerebral capacity or neuronal reserve. Mediation of the associations by environmental effects would be consistent with either the idea that lower education is a proxy for a variety of neurotoxic exposures or with the hypothesis that higher education leads to greater activation of nerve cells and inhibition of neuronal degeneration, the result of which is better maintenance of cognitive level (see Friedland, 1993; Katzman, 1993; Mortimer, 1994 , for these arguments). While the present study focused on a nondemented sample, a similar line of thinking should pertain. Minimally, the findings underscore the importance of including general cognitive abilities in interpretations of individual differences in MMSE performance.
Limitations of the study included skewed distributions on some of the variables and insufficient sample size for definitive estimates. Nonetheless, the findings were sufficiently robust to hold up across different analytic approaches to handling these issues. It was not possible to test whether the sex differences in heritability for MMSE reflect differential genetic mechanisms in men and women because the SATSA sample does not include unlike-sexed twins. However, the differences in results when the male and female pairs were separately analyzed present interesting convergences as well as differences for exploration in other samples. It may be, for example, that the correlated environmental influences found for women reflect the considerable restrictions in opportunity for women offered by the class structure of Sweden in the early parts of this century. Another limitation is that measures of education, cognitive ability, and MMSE scores were assessed at the same point in time. While a measure of cognitive ability earlier in adulthood would have been desirable, it can still be argued that the broad set of verbal and reasoning skills encompassed by the cognitive ability score gives an indication of general cognitive capacity. However, the precaution was taken of removing cognitive ability scores for anyone subsequently diagnosed as demented. Lastly, these analyses were predominantly conducted on individuals within a normal range of functioning, affording reliable estimates of cognitive ability. Although specific results cannot be generalized to a demented sample, mechanisms for the association of MMSE and education should be applicable to both normal and demented samples. Longitudinal analyses over a longer period of time will further clarify the patterns we have described.
In summary, these results provide evidence toward resolving the role of low education as a risk factor, and conversely, high education as a protective factor for late-life cognitive functioning and, by extension, Alzheimer's disease and other dementias. The findings point toward the idea that education should not itself be described as a protective factor; a more compelling conceptualization is that intelliby guest on November 8, 2016
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The data were evaluated in a factor model with Cholesky decomposition. There are three latent genetic factors ( Figure Al) . Cognitive abilities, education, and MMSE load on the first common genetic factor (Gl); education and MMSE load on the second common genetic factor (G2); and G3 represents the genetic factor unique to MMSE. Three nonshared environmental factors (Enl, En2, En3), three shared rearing environmental factors (Esl, Es2, Es3), and three correlated environmental factors (Eel, Ec2, Ec3) are also included in the model. The loading of MMSE on factor 3 indicates the residual importance of genetic and environmental influences independent of the same influences for cognitive abilities and education. Figure Al . Path diagram for MMSE, general cognitive abilities, and education. Paths for only one twin in the pair are provided. MMSE = MiniMental State Examination scores; Gl = genetic factor in common for cognitive abilities, education, and MMSE; El = environmental factor in common for cognitive abilities, education, and MMSE; G2 genetic factor in common for education and MMSE; E2 = environmental factor in common for education and MMSE; G3 = genetic factor unique to MMSE; E3 = environmental factor unique to MMSE; gl l-g33, el l-e33 are loadings on factors. For simplicity and clarity, El, E2, and E3 represent generic factors including all forms of environmental influences, that is, shared rearing, correlated, and nonshared. Similarly, ell-e33 are generic for loadings on shared rearing factors (esll-es33), on correlated environmental factors (eel l-ec33), and on nonshared environmental factors (enl l-en33). 
